Background: There has been considerable progress in identifying inflammatory bowel disease [IBD] susceptibility genes but little progress in examining the role of genetic variation in the development of the extra-intestinal manifestations [EIMs] of IBD. This study identified clinical, serological, and genetic factors associated with ocular EIMs [O-EIMs] in IBD. Methods: We performed a retrospective case-control study of IBD patients, comparing those with and without O-EIMs using the Cedars-Sinai IBD Research Repository and the NIDDK IBD Genetics Consortium Repository. Genotyping was performed using Illumina whole genome platforms. Results: In all, 124 cases and 3328 controls with available clinical data were identified; 103 cases and 2808 controls had genetic data available. Erythema nodosum and peripheral arthritis particularly were common in patients with O-EIMs [p = 2.77 x 10 -13 and p = 2.58 x 10 -13
Introduction
It is widely recognised that the inflammatory bowel diseases [IBD], Crohn's disease [CD] , and ulcerative colitis [UC] occur in genetically susceptible individuals following exposure to, as yet poorly understood, environmental factors. Recently there have been considerable advances in the identification of IBD susceptibility loci, 12, 3 but an understanding of the molecular associations with clinical sub-phenotypes has lagged behind. In addition to chronic, relapsing gastrointestinal [GI] inflammation, up to 40% of patients with IBD have extraintestinal manifestations including ocular inflammation which can cause significant morbidity including blindness. 4, 5 Episcleritis, scleritis, and anterior uveitis are the most common ocular-extraintestinal manifestations [O-EIMs] in IBD. Other less common eye manifestations with reported associations to IBD include retinal vasculitis, papillitis, corneal infiltrates, myositis, scleromalacia perforans, and optic neuritis. After peripheral arthritis, O-EIMs are the second most common extraintestinal manifestation [EIM] , occurring in 2-6% of adult IBD patients, with a higher prevalence reported in children. 4, 6, 7 In IBD, most patients who develop ocular inflammation do so at first presentation or with an established diagnosis of IBD, but eye disease can pre-date intestinal disease. 8, 9 Uveitis is reported as occurring four times more commonly in women and has been strongly associated with sacroiliac joint abnormalities and arthritis. 10 Genetic susceptibility in part appears to explain the development of O-EIMs in IBD. Pheobe et al. demonstrated that a family history of IBD significantly increases the risk of ocular inflammation in subjects without IBD, suggesting shared immunological mechanisms for eye and intestinal disease. 10 Further evidence supporting shared aetiology comes from the observation that individuals with IBD and ocular disease are more likely to 'express' anti-outer membrane porin C [OmpC] antibodies and that patients with a family history of IBD and ocular inflammation are more likely to be anti-nuclear cytoplasmic antibody [ANCA] positive. 11, 12 Few studies have evaluated the association between O-EIMs and genetic variation and the studies to date have been limited by power and the depth of available genotypes. Orchard et al. examined major histocompatibility complex [MHC] associations with O-EIMs and identified that eye manifestations are strongly associated with human leucocyte antigen [HLA]-B*27, B*58 and HLA-DRB1*0103. 13 Studies examining known, non-HLA, IBD susceptibility genes including ATG16L1, IL-23R, and NOD2/CARD15, have found no association with O-EIMs and IBD. 14, 15 We present the largest study to date investigating demographic, clinical, serological and genetic associations with O-EIMs in IBD.
Methods

Databases
The 
Subjects
We evaluated all IBD patients in MIRIAD and identified those with at least one documented episode of O-EIM. The paper and electronic charts for these patients were reviewed to verify the O-EIM. The diagnosis of O-EIMs was made based on a previous diagnosis of episcleritis, scleritis, or uveitis and/or after evaluation by an ophthalmologist. O-EIMs in MIRIAD were suspected in patients with ocular pain, double vision, sudden decreased visual acuity, redness of the eyes, and eye irritation or watering. Patients were referred to ophthalmology if they had any of these symptoms. We also included O-EIM positive cases from the NIDDK-IBDGC database that uses a validated phenotyping collection protocol. 16 In addition to O-EIMs, we collected information on demographics [ 17 Only patients from MIRIAD had serology data available for evaluation.
Genotypes on the MIRIAD samples were generated at CedarsSinai Medical Center [CSMC] using Illumina Human610-quad, HumanCNV370-quad, and the HumanOmniExpress whole genome platforms. 13, 18 Five samples [on 610-quad], 3 samples [on 370-quad], and 14 samples [on OmniExpress] were genotyped in duplicate, yielding concordance rates of 100%, 99.999% and 99.997%, respectively. Heritability concordance for three genotyping control trios was 99.53%. Samples which passed genotyping quality control exhibited genotyping call rate > 97%, and the average genotyping call rate across three platforms was 99.85%. The NIDDK IBDGC samples were genotyped using the HumanHap300 and HumanHap550 platforms as previously described. 19, 20 Quality control was maintained as previously described. 17 To combine results for the two independent genome-wide association studies [GWAS] cohorts, we imputed untyped genotypes using Impute2 [http://hapmap.ncbi.nlm.nih.gov] and HapMap Phase III [www.hapmap.org] reference genotypes for the Cedars GWAS data and minimac software, and 1000 Genome Project data release 2010-08 genotypes for the NIDDK cohorts. Poorly imputed single nucleotide polymorphisms [SNPs] , defined by an R-squared quality RSQR < 0.30 with MACH1/minimac or an information measure Is < 0.30 with IMPUTE2, were excluded from the analyses.
The Institutional Review Board at CSMC approved the study. All patients in both databases provided informed consent before genetic analysis.
Statistics
Univariate analysis
Logistic regression was performed to detect association of each clinical parameter with O-EIM status. The source of the sample [MIRIAD or NIDDK] was included as covariate to control for potential confounding effect. A significance threshold of 2.96 x 10 -3 was used to control for multiple testing.
Similarly, logistic regression was performed to detect the association of IBD serology as well as other EIMs with O-EIM. The significance threshold was set to be 8.33 x 10 -3 for both analyses.
Multivariate analysis
To account for the complicated correlation structure in the clinical characteristics, we also performed a multivariate logistic regression.
Only variables with p < 0.05 in univariate analysis were included in the model. Serological factors were not included in this multivariate model as the serology data were only available in the MIRIAD cohort.
Genetic analysis
SNPtest and PLINK were used for genetic analyses in the Cedars and NIDDK cohorts, respectively. The DNA strand alignment was double-checked in the meta-analysis and confirmed to be on the same strand. Most of the SNPs had the same minor and major alleles, although a very low proportion of SNPs had switched alleles, with an MAF close to 0.5. Logistic regression was performed to investigate the association between O-EIMs and genetic variations, with adjustment for the top four principal components from the population stratification analysis, to control for potential confounding. Meta-analysis was performed for SNPs that were common in both Cedars and NIDDK imputed GWAS dataset, using inverse variance weighting.
We assessed genetic associations with O-EIMs using both a genome-wide approach and also specifically at previously identified IBD susceptibility loci with an a priori nominal statistical significance defined as p < 5 x 10 -5 for O-EIMs and for any -EIM analyses. A priori significance of p < 3.1 x 10 -4 was determined for association at any known IBD loci. A Manhattan plot was completed to show chromosomal locations of associations with O-EIMs [ Figure 1 ]. Table 4 ]. On multivariate analysis, both skin and joint manifestations were significantly associated with O-EIMs [ Table 2 ].
Results
Clinical factors
When IBD patients had at least one non-ocular-EIM, they were at increased risk for developing ocular inflammation [OR 4.79, p < 1.18x10 
Serology
Serological data were available for 52 MIRIAD cases and 2068 controls. There was no significant association with serology. 
Discussion
We present the largest study, to date, describing characteristics associated with the development of ocular manifestations of IBD. We found that approximately 4% of IBD patients had a history of uveitis, scleritis, or episcleritis, consistent with previous findings. 4, 21 Several previous studies have reported higher prevalence rates, mainly due to inclusion of dry eyes, conjunctivitis, and glaucoma, eye conditions not directly linked with IBD. 22, 23, 24 We identified higher prevalence of O-EIMs in women and Crohn's disease, consistent with previous studies. 4, 13, 21, 24 Little has been published on the relationship between O-EIMs in IBD and genetic variation. Although there was no association with known IBD loci and O-EIMs, after Bonferroni correction we observed a 'nominal' association between O-EIMs and the IBD loci containing TSPAN14 and TNFSF14. Further studies, in larger cohorts, will be needed to assess whether these are valid observations or not. OR, odds ratio; CI, confidence interval. VPS13C], and T cell receptor alpha variable region genes. It is important to emphasise that these loci did not achieve genome-wide significance and therefore first require validation and then more detailed investigation before 'causal' genes and processes can be confirmed. rs4766697 tagging RBM19 achieved genome-wide significance. Little is known about this gene, but it may be implicated in regulation of ribosome biogenesis and is expressed in crypt cells of the intestinal epithelium. Despite being the largest IBD O-EIMs cohort investigated to date, it is important to stress that our study is very significantly underpowered and that the associations observed do not meet criteria for association after correction for multiple testing for known IBD loci, and only one locus achieved a genome-wide level of significance from the unbiased approach. Nevertheless these findings may provide the basis for future studies in expanded IBD cohorts with O-EIMs characterised.
Overall, our clinical and genetic data suggest that ocular manifestations are commonly associated with other EIMs, particularly those involving the skin and joints [ Figure 2 ]. Prior publications have suggested the possibility of a common antigen present in the eye, skin, joints, and gastrointestinal tract in these patients. 25 Our analysis examining genetic associations with the development of any EIMs, although not achieving genome-wide significance, are of interest given previous associations between CSMD1 and psoriasis and between MSH3 and rheumatoid arthritis. Additionally, IL12B variants have previously been associated with psoriasis, psoriatic arthritis, spondyloarthropathy, and multiple sclerosis as well as IBD. Furthermore, therapies targeted at this pathway are currently under evaluation in IBD.
Despite its size, this study has some limitations. Overall, O-EIMs occur so infrequently that our sample size may not be appropriately powered to show more subtle clinical and serological differences between those IBD subjects with and without O-EIMs. However, where data do exist, our demographic and clinical results are consistent with previous published studies. Because the databases in this study included multiple referral medical centres, and due to the retrospective nature of the study, we were limited in our ability to verify the specific ocular diagnosis. However, phenotyping of subjects from the NIDDK database has been previously validated. 18 At CSMC, experienced IBD physicians questioned patients regarding eye disease at every visit, according to standardised encounter forms. When necessary, we verified the ocular disease diagnosis of CSMC patients through an ophthalmology encounter.
In the largest study to date, we have identified several putative novel clinical and genetic parameters of O-EIMs in IBD that may help better identify those at risk in the future as well as potentially provide targets for future pharmacological intervention. Additional cohorts are needed to verify and extend our findings in order to achieve these aims.
